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Abstract
One challenge in road safety is to find the right balance between the wish to reduce the number and severity of accidents, to
reduce them as quickly as possible, and the need to invest cost effectively. One has to be sure of the choice of the right locations, 
with a worthwhile impact on improving traffic safety. This requires a good screening analysis of (potentially) dangerous 
situations.
As part of its current policy document, Brussels Capital Region has chosen to improve 30 dangerous zones. In 2014 the regional 
administration gave the project ZACA (French abbreviation for accident concentration zones) to Belgian Road Research Centre 
(BRRC) and its partners (Espaces-Mobilités and Belgian Road Safety Institute). 
With ZACA, we give content to the strategic objective of making roads and streets intrinsically safe. We developed an 
innovative, flexible and evolutive methodology. The project has three components: determination of 30 priority areas, diagnosis 
of 30 areas to understand the possible and real accident factors, and development of solutions. In our contribution we plan to
discuss the methodological parts of the project. We will end with perspectives for Brussels and other urban areas.
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1. Introduction
Belgian and European capital Brussels has the strong ambition to reinforce its human dimension. This is 
a decisive step to become an urban area where it is good to live and where people feel good and safe. Brussels 
enthusiastically endorse, through the policies adopted by the Government, the trend of the sustainable development 
concept. The issue of mobility is considered to be essential, to make Brussels an attractive place to live, work and 
invest. A significant piece of the puzzle to be up to this ambition is the improvement of public space, giving greater 
emphasis to collective transport and active mobility in any redevelopment of road infrastructure.
To the regret of all stakeholders, several studies indicate that Brussels is amongst the most congested cities in 
Europe. Another observation, although enormous progress at the level of road safety could be seen in the previous 
decade, the number and severity of accidents remains far from the long term vision ("every victim is a victim too 
much”). In its Action Plan 2011-2020, The Brussels Capital-Region has proposed a coherent set of objectives and 
concrete measures to reduce by half the number of fatalities by 2020. With its 183 actions on 48 operational 
objectives and 9 strategic objectives, the action plan is ambitious. This plan is a guidance for all stakeholders to take 
responsibility and work towards a zero victim configuration. 
What about our research ZACA (‘accident concentration zones’) in this context?
With ZACA, we give content to the strategic objective of making roads and streets intrinsically safe. We start 
from the idea that infrastructure can contribute, directly or indirectly, to the occurrence of accidents and the severity 
of their consequences for victims. The configuration of road infrastructure should allow various road users to 
understand the expected behavior. Situations should be easily understandable, not cause risks or (driving and 
judgment) errors, and be forgiving.
Already in 2004, a specific method has been used but it proved to be unsatisfactory and too time consuming to 
repeat. In the ZACA study from 2014/2015, a new method was developed and validated by the main actors on the 
field (administrations, police, public transport companies...). This method allows classifying the areas in priority 
order. It provides the Brussels administration with a reliable inventory of accident concentration zones. In case the 
exercise is repeated, it will be possible to monitor the evolution of the accidents on Brussels roads.  
In this article we will present the three main facets of the research: ‘prioritization of accidents’, ‘analysis of 
accident concentration zones’, and ‘solutions’. We will finish with ‘perspectives’ of the methodology for Brussels 
and beyond.
There was no need for an extensive literature study. We could start quickly, as all partners involved were highly 
qualified experts in the field of traffic safety and mobility, knowing where to find relevant background information.
2. Prioritization of accidents
The operational goal of the whole study is to implement measures for 30 priority areas; the number of areas has 
been put at 30 mainly for budgetary reasons.  The objective in this phase was to define a methodology which 
enabled to find the 30 priority areas to improve with the biggest impact on road safety. The selection methodology 
breaks down as follows. 
x The 1st step was a preliminary step: gathering data and geolocalisation of accidents; 
x In the 2nd step we calculated hotspots and hotzones of different sizes, based on a nonparametric method to 
estimate the probability of a random variable density. This step allowed us to define the study areas; 
x Then, to ensure objectivity, robustness and reproducibility of the analysis, we evaluated each area from figures 
collected over several years. 
x In the 4th step we applied a multicriteria approach to make the final selection. Different criteria were used 
(severity of accidents, type of involved users...). The weight associated with each criterion was then defined by 
a Steering Committee using the AHP (analytic hierarchy process) preference elicitation procedure. 
x Finally, a sensitivity analysis of the results showed their robustness.
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2.1. Preliminary actions
We gathered data about different kinds of accidents from different sources. A total of 13340 accidents (injury & 
death up to 30 days after accident) occurred on the territory of the Brussels Capital Region between 2010 and 2013. 
Subcontractor Belgian Road Safety Institute was able to locate 12123 (90,9%) accidents on a map. About two third 
of these accidents have been located with the locator from ArcGis. This left us with about 4000 accidents to locate 
semi-automatically. Material accidents and traffic violations have been localized only automatically, due to the large 
number (around 16 000 per year). These data have been used in a later stadium of the selection. First, we decided to 
base ourselves on the accidents that have led to injuries or death. 
Fig. 1 Selected accident locations in Brussels Capital-Region (201-2013injuries and death up to 30 days after the event, on all roads).
Taking into account accident data from public transport companies and insurance companies remains a challenge 
to tackle. Two underlying reasons are the (un)availaibility of data within a reasonable time frame and the labor-
intensive process of removing double counted accidents. 
2.2. Hotspots & hotzones
We used the KDE (Kernel Density Estimator) method to identify accident concentration zones. The 
1740 kilometers of road of the Brussels network were cut into 12241 segments and 6906 nodes. Previously localized 
accidents were assigned to one of these elements. The threshold of abnormality was set for each place by 
considering the hierarchical level of the road. To a certain extent, each hotspot was then related to the risk exposure. 
‘Hotspots’ were created in places where the concentration of accidents was abnormally high. When several hotspots 
were contiguous, they were grouped into a single ‘hotzone’. 
In total, we detected 448 areas (113 hotspots + 335 different sized hotzones). These areas occur on 51 km of 
roads (only 2.7% of the whole of the network), grouping 4190 injury accidents (34.6% of the total over the period 
2010-2013). The ratio between the percentage of the most problematic part of the road network and the proportion 
of the accidents clearly demonstrates how useful the ‘'black spots' approach is for the Brussels region. Another 
fascinating observation is that 25% of the selected areas are located on roads owned by local municipalities.  In the 
previous study only areas on roads owned by the regional authority had been selected, what led to a regrettable 
omission of unsafe areas. 
Fig. 2. Illustration of a grouping of several hotspots in a hotzone.
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2.3. Selection of 30 areas in two steps
As it was not possible to treat 448 accident concentration zones in this study, we restricted our analysis to areas 
with more than 12 accidents over four years. This number was chosen arbitrarily  in order to restrict the screening of 
areas of 101 items. While this study aims to reduce significantly the absolute number of accidents on the roads of 
network, we decided to focus on the most critical zones. Thus, the resolution of the multi-criteria problem was 
simplified. As we used a selection threshold for the number of accidents, we should correct for the regression-to-
mean bias in a future evaluation of accident reductions. The Empirical-Bayes method addresses this problem.
These areas record the most abnormally high concentrations of accidents. Oversimplifying, this ranking is mainly 
based on the occurrence of injury accidents in the area. It is clear that the concentration of accidents acts as 
a preliminary filter to focus on the most critical zones, but others elements should obviously be taken into account in 
the selection. In this regard, the next step is important: the selection phase, based on criteria considered relevant. We 
used a decision matrix with 101 areas and six criteria assessments. As much as possible we defined criteria 
independent of each other. Each criterion represents a component of the unsafe characteristics of the selected areas. 
In order to classify the 101 areas to select only 30, a multicriteria model of decision making was used. It is based 
on a series of utility functions that transform the evaluations of each criterion in order to obtain a common scale. 
This approach allowed us to generate a ranking of 101 sites from the weighted average of their assessments on the 
six criteria. The weights have been determined in consultation with the members of the Steering Committee, using 
a procedure of elicitation of preferences.
The choice of the criteria in the decision matrix is a compromise between the desire to take into account certain 
decision-making elements (the number of accidents, the seriousness of accidents, traffic, etc.) and the availability of 
desired information. Furthermore, we studied the relevance of each criterion with regard to the research objectives, 
but also of the general context in which it is embedded. In doing so, we wanted to take into account economic, social 
or even ecological considerations in order to comply with a sustainable development approach.
For example, as regards to the criterion on the amount of traffic, the question was whether to focus on sites with 
the most traffic. It is indeed relevant to focus on sites where traffic flows are the most important with regard to 
economic, ecological considerations or in connection with mobility. In addition, we have taken into account the ease 
of implementation of the test, namely the availability of data for the evaluation of each criterion and the existence of 
a simple indicator to measure it. For example, the criterion for the amount of traffic implies knowledge of motorized 
and non-motorized traffic volumes throughout the Brussels network. This information is not necessarily easy to 
collect.
Given all these elements, six criteria were selected. They are represented in the table below: 
      Table 1. Selected criteria.
Criterion: Criteria based on:
Number of injury accidents in the area (2010-2013) Frequency of accidents
% of victims (seriously injured + killed within 30 days of the accident), relative 
to all the victims of the area (2010-2013)
Severity of the physical consequences
% of vulnerable road users (i.e., pedestrians, cyclists, moped drivers and 
motorcyclists) involved, relative to all involved users (2010-2012)
Presence of vulnerable road users
Maximum amount of estimated traffic in Equivalent Passenger Cars in the 
evening rush hour (17-18h)
Amount of traffic
Number of public transport vehicles (buses and tramways, not taxis) involved 
in accidents in the area (2010-2012)   
Number of public transport vehicles involved in 
accidents
Number of victims per meter of road infrastructure in the area (2010-2013) Cost – benefit ratio of infrastructure adaptation
Advantages and disadvantages of the study criteria have been discussed in the Steering Committee. As the main 
advantages we noted the simplicity and the availability of the data. The disadvantages were more divers, as shown 
by the following exemples:
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x the criterion based on the amount of traffic does not take into account non-motorized traffic;
x the criterion based on the number of public transport vehicles is not directly related to traffic safety, it is more 
linked to mobility. And public transport might be more secure than active modes of transport, but it can be more 
polluting; 
x the criterion based on the cost-benefit ratio of infrastructure is not in all cases directly linked to the length.  
2.4. Multi-criteria analysis 
Once we have defined the criteria that make up our problem, we have developed a method of multi-criteria 
decision support based on multi-attribute utility theory. This method calculates an overall score ‘U’ for each 
alternative ‘ai’ (i.e. each of the 101 sites) based on utility functions u defined for each criterion ‘fj’ of the problem. 
In the overall score calculation, each function is weighted by a weight ‘wj’ according to the importance associated to 
the criterion by the decision maker. See the following equation:
ܷ(ܽ௜) = σ ݓ௝ × ݑ ቀ ௝݂(ܽ௜)ቁ௞௝ୀଵ (1)
To guarantee the simplicity of the model and understanding by everyone, we opted for linear utility functions that 
transform the ratings of each criterion in a utility value between 0 and 100, as shown in the figure below.
Fig. 3. Representation of the utility function 'number of victims per 100 meters of road infrastructure.
This method has the advantage of being extremely flexible and scalable as it is possible to easily modify these 
utility functions if, for example, new data are available or if the objectives and strategy of the research evolve. 
Moreover, this approach offers great transparency to modeling with multi-criteria, and therefore limits the effect of 
"black box" for non-expert users. Finally, the use of weight allows granting more or less importance to the criteria of 
the problem, and thus translating the research strategy and goals (technical and political) of the decision maker.
As the criteria and utility functions have been defined, we can now look at the determination of the weight and 
at solving the multi-criteria problem as such. Indeed, we saw previously that the decision matrix, characterizing our 
problem, is composed of 6 different criteria. Each of these criteria delivers information about the performance of the 
101 sites, such as the frequency of accidents in the area of the site, their severity, the proportion of vulnerable road 
users involved, etc.
To obtain the final ranking of the 30 sites to be selected in priority, we calculated an overall score that takes into 
account the weights associated with each criterion for each site. However, it could be that the six criteria do not all 
have the same importance in the mind of the decision maker; it means that there is a hierarchy within the criteria, 
some of them are more important than others in the particular context of the research. Therefore, it is crucial to
translate this relative preference between criteria by an appropriate weight in the multi-criteria problem.To set the 
weight to being given to each criterion, we used the method of elicitation of preferences AHP (for Analytic 
Hierarchy Process). This method is based on the comparison of pairs of criteria of the problem. And for each pair, it 
expresses the intensity of preference of one criterion over another, using a scale from 1 to 9 (see table below).
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       Table 2. Intensity of preference in AHP scale.
Intensity of preference Definition Comments
1 Equal importance The criteria are equally important
3 Moderately more important Experience and judgment slightly in favor of one of the criteria
5 More important Experience and judgment strongly in favor of one of the criteria
7 Much more important Experience and judgement very strongly in favor of one of the criteria
9 Absolutely more important It is indisputable that a criterion is absolutely preferred over another
{2;4;6;8} Intermediate values To be used in need of compromise
For each pair of criteria, it defines the intensity preference which is then extended in a matrix of calculation. The 
specific literature specifies that this procedure is suitable for maximum 7 criteria. Beyond it is more difficult to 
express globally consistent preferences. Our problem is limited to 6 criteria, so this approach is relevant. To indicate 
preferences between criteria, we do 15 comparisons altogether. Once all comparisons have been carried out, we turn 
these preferences in final weights. Finally, a consistency index is calculated to verify the relevance and rigour of the 
calculated weights (no problem of consistency if the index is less than 10%). 
We organised a workshop, where 11 out of 15 forms were filled in; regional administrations, police, knowledge 
institutes, public transport company, all part of the Steering Committee. We provided support and assured the 
consistency of the weight finally obtained. A calculation of the consistency index was made during the workshop for 
each form. Very few adjustments had to be made in consultation with one or two organizations. It was decided to 
associate an equal weight to each organization. The weights retained were as follows: 
                                                                                   Table 3. Weights retained.
Type of weight  Percentage
Frequency 19%
Severity 31%
Vulnerable road users 22%
Traffic 6%
Public transport 13%
Risk 9%
After defining the multi-criteria model and determining weights associated with each criterion, we calculated the 
overall score associated with each of the 101 areas. This score reflects the performance of each of the areas on the 
6 criteria simultaneously. The higher the score, the earlier the area should be studied and redesigned. 
We did not note a “logic” breakage in the overall scores that could call into question the relevance of the number 
of 30 areas set by the coordinating body of the study. Indeed, with the exception of the first 4 and last 4 zones of the 
ranking, utility values decrease almost linearly between 38 and 11. Nothing seems to indicate that it would be more 
appropriate to select 40 or 50 zones instead of the 30 chosen in this study.
2.5. Sensitivity analysis
We checked that the 30 finally selected areas are those that require analysis and priority redevelopment, by 
conducting a sensitivity analysis to ensure the robustness and relevance of this selection. We compared the final 
standings with several other rankings generated with different weight sets. The weight sets used correspond to 
weights defined using the forms completed by each organization involved in the project, and introduced in the 
previous section.We examined the representation of the 50 zones of the final ranking amongst the rankings 
generated with 11 different weight sets. A percentage of representation in 3 categories {1-30}, {31-50} and { 51-
101} has been calculated. The results of this analysis are illustrated in the figure below.
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Fig. 4. Percentage of representation of the top 50 areas in the final standings in the rankings obtained by each organization.
An area has been considered robust if it showed up regularly in the category {1-30} of all rankings. It is noted 
that amongst the top 30 in the final standings areas, 28 of them are found in the TOP30 of more than 65% of the 
rankings. In addition, 24 areas are represented in more than 75% of the rankings, which suggests robustness. Only 
areas 4 (58%) and 97 (42%) are poorly represented in the TOP30 ranking of the 11 rankings generated with different 
weight sets. 
After the sensitivity test, we had to ensure that the choice was relevant. We asked departments from local and 
regional authorities in charge of redevelopments if any recent changes have been made, or whether works were 
planned in these areas. A regional administration document describing projects and current thinking and their 
relevance for 2014-2019, was the basis for these contacts. In addition, we asked the municipal authorities whether 
they agreed that areas on local roads were analyzed and proposals were made for redevelopment. In the end, eight 
sites were replaced on the basis of information received from the departments in charge of roads improvements. 
3. Analysis of accident concentration zones
We used a five step approach to diagnose the 30 selected areas. We will describe these steps in a succinct 
manner, but the work done was certainly comprehensive. Before presenting the five steps, we can confirm 
afterwards that each step added value to the process. Synergy was achieved. The result was a very good knowledge 
of the 30 areas, resulting in extensive and at some points very detailed reports. 
We started with desktop research. With the help of Google Street View we got a first impression about the sites 
and were able to write down general concerns and specific points of attention. This work has been done by a traffic 
safety expert from BRRC, with the particularity that she did not know the 30 zones beforehand. 
In parallel we analysed the official police reports of accidents (2010-2013) with a minimum of 20 accidents per 
area. Accidents characteristics were studied in order to find out what factors caused the accidents to happen. Based 
on this research, we clustered characteristics and made up assumptions about the infrastructural problems.  
Fig. 5. Diagram with manoeuvres – example.
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Road Safety Inspections on the field were prepared with a very strict timing. Teams of two experts stayed for 
several hours in each of the 30 areas, gathering information during and after peak hours. The experts had the 
opportunity to cross the dangerous hotspots and hotzones as pedestrian, cyclist and car driver. A third expert drove 
by car in all possible directions of each area. As a result we effectively were aware of difficulties caused by the 
infrastructure or the use of it by these types of road users. Specific attention was needed to focus on infrastructure 
use of powered two wheelers, buses and trucks. 
A fourth element of this phase was a spatial / functional study for each area and its surroundings. In most of the 
cases this type of study has shown added value, by identifying the role of the dangerous area into the urban fabric 
and by understanding the movements of the various modes of travel. Last but not least, consultation of stakeholders 
through meetings allowed us to refine observations and have a preliminary discussion on possible solutions. After 
these constructive meetings we could say with certainty that the analysis had been done in a sound way.
4. Solutions
Based on the established diagnosis, safety solutions for the 30 hotspots / hotzones have been designed. In this 
ultimate part of the study, the key element was the design of safety solutions for these areas. But the solutions were 
not limited to this; we aimed contributing to other sustainability goals as well like improving quality of urban space 
and promoting active modes of transport. We kept an eye on possible effects of the propositions, e.g. on traffic 
fluidity. It goes without saying that we took into account current policies and regulations.  
For each of the areas, three types of solutions have been proposed by subcontractor Espaces-Mobilités: urgent 
safety measures, development opportunities and long term visions.
In order to be categorised as an ‘urgent safety measure’, several requirements had to be fulfilled. The measures 
should not be too costly, so that financial resources could not be a reason to slow down the process of securisation. 
They also had to be realizable in a short term. This meant that a planning permission process shouldn’t be needed 
for any of the urgent measures. Often these interventions are local and removable (e.g. road markings, soft poles, 
poured concrete on visqueen, …). As much as possible we proposed measures as a step towards a more thorough 
redevelopment. Furthermore, urgent safety measures had to be understandable by all road users. The objective here 
was double: on one hand to ensure a safer use of the local road infrastructure immediately, and on the other hand if 
possible to propose as a kind of re-educational tool for safer traffic in general.
However, urgent safety measures can not solve all infrastructure problems or secure all types of dangerous 
behavior, nor improve the quality of space. If simple solutions were the answer, it is highly likely that improvements 
would have been implemented by the road authorities already before our study. There is another reason why this did 
not come as a surprise: these areas are all located in dense urban area, where all type of road users need a safe 
infrastructure as a core condition to safely get passed through. Furthermore, the 30 accident concentration zones 
have in common that the density of traffic varies considerably depending on the time of day. 
Consequently, for each of the 30 selected areas a more thorough solution was needed. We presented a series of
measures with a more definitive character. If needed we proposed a full redesign of the infrastructure. We proposed 
solutions for almost all safety problems detected at an earlier stage of the study. By implementing these 
‘development opportunities’ in the medium term, it is to be expected that traffic safety is improving to a great extend 
in these areas. The characteristics for these redevelopements are twofold: a planning permission process is to be 
foreseen by the road administrations, and the road works require larger and longer construction sites than for the 
short term measurements.
We labelled the third type of solutions as ‘vision’. For each area the ‘vision’ gives a short overview of the 
possible evolution of each area in the long term. This refers to various studies or ideas in urban areas in Belgium or 
elsewhere in the world. Mostly this includes more radical changes to the infrastructure. Implementing these ‘visions’ 
would more radically change the use of urban space. The objective here is not only to improve traffic safety but on 
top of that largely improve quality of public spaces. Assuming that a completely renewed public space, integrating 
today’s needs and policies, is likely to be a safer place to move, we suppose our ‘visions’ could also encourage 
people to make more sustainable choices in their travel behavior. The ultimate objective of the visions is to open the 
debate and invite all stakeholders to take on challenges larger than those to be taken in the field of road safety. 
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Fig. 6. Scheme with solutions, example.
This phase was a real challenge in the timeframe agreed upon, in particular gathering all relevant information and 
integrating all ideas and projects. The timing being strict, we have been able to work on 5 to 8 areas each three 
weeks. With perseverance it was feasable to come to an understanding for each 30 set of solutions. After a thorough 
study of the situations and some creative thinking, we developed the three types of solutions as described above.
For almost all problems infrastructural solutions have been found. In some occasions a traffic safety campaign 
was proposed. We tuned the measures for several of the 30 areas, in order to propose a coherent vision,  Some of the 
30 areas could be linked to each other, because they were located on one transport corridor. For several areas we did 
not start from scratch: in the event that a building permit was issued or delivered soon, we based ourselves on this 
and checked if all problems were about to be solved.  In all of these cases we were able to make relevant additions.
Expert discussions between BRRC and Espaces-Mobilité and bilateral contacts were part of the solution finding 
process. Meetings with the Steering Committee were very important milestones. These committees have been 
extended with representatives of the municipalities. By doing this we ensured the solutions were discussed  in a 
transparent way, in collaboration with road authorities. For complete information, road infrastructure in the Brussels 
Capital Region is either owned by the regional authority or by one of the 19 municipalities. Furthermore, we 
combined our own fresh knowledge about the areas with the experience of local experts. This lead to much 
appreciated discussions and fascinating new insights for all; even though we had been looking for all projects with 
some influence on the unsafe areas, new elements had become available in the mean time. 
The next steps for the road administration is the implementation phase. Short term measures can be executed 
without much preparation. Concrete projects are being developed for mid term actions. The challenges now are: to 
perpetuate the momentum and to defend the traffic safety measures against for exemple cost cutting measures. Let’s 
hope, for all people living and travelling in the Brussels region, that noses will keep pointing in the same direction!
5. Perspective
We invite other urban regions to consider our methodology. For Brussels Capital-Region it worked out fine and it 
is transposable to other urban areas. What still could be improved in the first phase: better data, more precise criteria 
and utility fonctions. But the sensitivity analysis showed the initial priority list was consistent to a great extent, so 
these improvements are rather ‘nice to have’ than necessities. For the second and third phase, more time was needed 
than agreed upon at the start. It is an option to involve future project managers of the 30 hotspots and hotzones from 
the start of phase 3 or even before in phase 2, to ensure they fully support the proposed solutions. 
In the short term we can analyse the problems of all 30 areas together. Some situations were comparable, for 
some problems working groups could sit together to discuss all possible solutions. On the longer term it is 
recommendable to evaluate each area some time after the works have been done, to study if the number and severity 
of accidents have dropped as expected. If time and budget are available in the future, it would be very interesting to 
repeat the first phase with the same methodology, resulting in a renewed priority list. This would allow to compare 
both results. It is currently not possible to do this comparaison between the two studies (2004, 2014-2015) because 
their methodologies are too different. 
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